Progression of chondrogenesis in C3H10T1/2 cells is associated with prolonged and tight regulation of ERK1/2.
Close contact of mesenchymal cells in vivo and also in super dense micromass cultures in vitro results in cellular condensation and alteration of existing cellular signaling required for initiation and progression of chondrogenesis. To investigate chondrogenesis related changes in the activity of ubiquitous cell signaling mediated by mitogen-activated protein kinases (MAP kinase), we have compared the effect of cell seeding of pluripotent C3H10T1/2 mesenchymal cells as monolayers (non-chondrogenic culture) or high density micromass cultures (chondrogenic) on the regulation and phosphorylation state of extracellular signal-regulated kinase 1 and 2 (ERK1/2) and also on regulation of ERK1/2 nuclear targets, namely, activation protein-1 (AP-1) and serum response factor (SRF). Increasing cell density resulted in reduced DNA binding as well as activity of AP-1. SRF activity, on the other hand, was up-regulated in confluent monolayer cultures but like AP-1 was inhibited in micromass cultures. Low levels of PD 98059 (5 microM), a specific inhibitor of ERK1/2, resulted in delayed induction of AP-1 and SRF activity whereas higher concentrations of this inhibitor (10-50 microM) conferred an opposite effect. Increasing concentrations of the PD 98059 inhibitor in long term monolayer or micromass cultures (2.5 day) resulted in differential regulation of c-Fos and c-Jun protein levels as well as total expression and phosphorylation levels of ERK1/2. PD 98059 treatment of C3H10T1/2 micromass cultures also resulted in up-regulation of type IIB collagen and Sox9 gene expression. While high expression of aggrecan and type IIB collagen genes were dependent on BMP-2 signaling, ERK inhibition of BMP-2 treated micromass cultures resulted in reduced activity of both genes. Our findings show that the activity of ERK1/2 in chondrogenic cultures of C3H10T1/2 cells is tightly controlled and can cross interact with other signaling activities mediated by BMP-2 to positively regulate chondrogensis.